Introduction {#S0001}
============

Ovarian cancer (OC), one of the most malignant gynecological cancers, is the most lethal cancer of female.[@CIT0001],[@CIT0002] Therefore, it is urgent to discover new biomarkers for the early diagnosis of OC.

MicroRNAs (miRNAs) could downregulate gene expression by targeting complementary mRNA at post-transcription.[@CIT0003] miRNAs has a huge effect on the growth and metastasis of cancers and are associated with the development and progression of tumor.[@CIT0004] Most reports found that multiple miRNAs including miR-145, miR-23a, miR-16 and miR-30a played an important role in OC.[@CIT0005]--[@CIT0008] miR-1271 has been found to be a tumor suppressor in inhibiting the proliferation, migration and invasion and inducing cell apoptosis in hepatocellular carcinoma.[@CIT0009] miR-1271 was downregulated in multiple cancers including osteosarcoma, gastric cancer and non-small cell lung cancer.[@CIT0010]--[@CIT0012] miR-1271 inhibited cell growth and reduced cell apoptosis via PDK1 in pancreatic cancer.[@CIT0013] Moreover, miR-1271 suppressed cell proliferation and induced apoptosis in endometrial cancer.[@CIT0014] However, there were few studies that indicated the roles of miR-1271 in OC; therefore, the experiments were carried out to explore the vital roles of miR-1271 in OC.

The zinc finger E-box binding homeobox 1 (ZEB1) encodes a zinc finger transcription factor that may play a role in transcriptional repression of interleukin 2.[@CIT0015] ZEB1 is required for neural differentiation of human embryonic stem cells.[@CIT0016] ZEB1 enhanced tumorigenesis and metastasis by regulating vimentin in hepatocellular carcinoma.[@CIT0017] Xavier et al[@CIT0018] indicated that ZEB1 acted as a potential therapeutic target that promoted the invasiveness and tumorigenicity of canine mammary cancer. Romero et al[@CIT0019] elucidated that was involved in the prognosis of gastric cancer. In our study, we discovered that mIR-1271 mediated the viability, invasion and epithelial--mesenchymal transition (EMT) by directly targeting ZEB1 in SKOV3 cells. ZEB1 reversed partial function of miR-1271 on the viability, invasion and EMT in OCcells.

Patients and methods {#S0002}
====================

Clinical specimens {#S0002-S2001}
------------------

We screened 50 OC patients who were admitted in the Central Hospital of Shengli Oil Field from June 2016 to June 2018, and we obtained 50 pairs of OC tissues and peritumoral normal tissues. Specimens were immediately frozen in liquid nitrogen and then stored at −80°C after surgery. This study was approved by the Ethics Committee of Central Hospital of Shengli Oil Field. Signed written informed consents were obtained from all participants prior to the study. This study was conducted in accordance with the Declaration of Helsinki.

Cell culture {#S0002-S2002}
------------

We obtained the normal ovarian cell line IOSE80 and two human OC cell lines SKOV3 and CAOV3 from American Type Culture Collection (Rockville, MD, USA). All the cells were incubated in RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA) with 10% fetal bovine serum (FBS; Sigma-Aldrich, Louis, MO, USA) at 37°C in 5% CO~2~ environmental state.

Transfection {#S0002-S2003}
------------

The specific the miR-1271 mimic or the miR-1271 inhibitor and negative control plasmids were designed and synthesized from Gene-Pharma (Shanghai, China). SKOV3 cells used for transfection of the vectors were incubated in a 6-well plate. The transfection was performed using Lipofectamine 2000 Reagent (Invitrogen, USA) pursuant to the command of the manufacturer. The stable transfected cells were selected using Geneticin (G418; Thermo Scientific, Shanghai, China), while the transient transfected cells were harvest after transfected 48 hrs.

Quantitative real-time PCR {#S0002-S2004}
--------------------------

The total miRNAs were extracted utilizing the miRNeasy Mini Kit (Qiagen, Hilden, Germany) from tissues or cell lines. The TaqMan miRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) was used to synthesize the first cDNA chain. Subsequently, the qPCR was performed using the miRNA-specific TaqMan MiRNA Assay Kit (Applied Biosystems, Foster City, CA, USA). The U6 small nuclear RNA acted as the normalization and the relative levels of miRNA were calculated using 2^−ΔΔCt^ method.

The total RNAs were extracted by using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA), and the first cDNA chain was synthesized by Omniscript Reverse Transcription Kit (Qiagen, Hilden, Germany). The RT-qPCR was carried out by the QuantiTect SYBR Green PCR Kit (Qiagen, Hilden, Germany) in a Quantitect SYBR Green PCR System (Qiagen, Hilden, Germany). The quantification of mRNA was used by a 2^−ΔΔCt^ method. The expression of ZEB1 was normalized by glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The primers were ZEB1, forward: 5ʹ-TTCACAGTGGAGAGAAGCCA-3ʹ, reverse: 5ʹ-GCCTGGTGATGCTGAAAGAG-3ʹ; GAPDH forward: 5ʹ-TGGCAAAGTGGAGATTGTTG −3ʹ, reverse: 5ʹ-CTTCTGGGTGGCAGTGATG-3ʹ; miR-1271 forward: 5ʹ-CTAGACGTCCAGATTGAATAGAC-3ʹ, reverse: 5ʹ-GTCCGAGCTTGGTCAGAATG-3ʹ; U6 forward: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ, reverse: 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ.

Western blot {#S0002-S2005}
------------

The total proteins were lysed using radioimmunoprecipitation assay Lysis Buffer (Sigma, St. Louis, MO, USA) containing 10% phenylmethylsulfonyl fluoride (Sigma, St. Louis, MO, USA). Equal proteins were separated by 10% SDS-PAGE and the blots were then electro-transferred the blots onto polyvinylidene fluoride membranes (Millipore, Billerica, MA, USA). After blocking in 5% fat-free milk for 1 hr at room temperature, the membranes were incubated with primary antibodies. The primary antibodies were against ZEB1 (1:1000; Abcam, Cambridge, CA, USA), E-cadherin (1:1000; Abcam, Cambridge, CA, USA) and N-cadherin (1:1000; Abcam, Cambridge, CA, USA). Subsequently, the blots were incubated in secondary horse radish peroxidase-conjugated antibody (Cell Signaling, Danvers, MA, USA) at room temperature for 2 hrs. The protein signals were captured using Enhanced Chemiluminescence Detection Kit (ECL, Pharmacia Biotech, Arlington, MA, USA).

Cell Counting Kit-8 (CCK-8) assay {#S0002-S2006}
---------------------------------

The cell proliferation ability was measured by CCK-8 assay (Dojindo, Kumamoto, Japan). Briefly, SKOV3 cells that transfected with special vectors were incubated in 96-well plates and cultured for 24 hrs, 48 hrs, 72 hrs and 96 hrs at 37°C under a humidified atmosphere of 5% CO~2~, followed by addition of 10 μL CCK-8 solution into each well and incubated for 2 hrs. Finally, the absorbance was measured at 450 nm using a microplate reader (Dynex Technologies, Chantilly, VA, USA).

Transwell assay {#S0002-S2007}
---------------

The cell invasive ability was calculated by the transwell inserts (8-μm membrane, Corning, Cambridge, MA, USA), which were placed in 24-well plates and formed upper and lower two chambers. SKOV3 cell suspension suspended in serum-free medium was added to the upper chamber, whereas 600 μL medium containing 15% FBS was filled into the lower chamber. After the cells were incubated at 37°C for 24 hrs, the noninvaded cells were removed with cotton swabs, while the invaded cells were fixed with 4% paraformaldehyde and then stained with 10% crystal violet. Finally, the cell number was counted by a microscope (Olympus Corporation, Tokyo, Japan).

Luciferase reporter assay {#S0002-S2008}
-------------------------

TargetScan was used to predict the target genes of miR-1271 and we found that ZEB1 was a candidate gene. To validate whether miR-1271 directly binded to the 3ʹ-UTR of ZEB1 mRNA in OC cells, the binding sequences were mutated using the QuickChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA). Luciferase reporter constructs harboring the 3ʹ-UTR of the ZEB1 gene spanning the binding sites for miR-1271 were generated downstream of Renilla luciferase in a psiCheck2 vector (Promega Corporation, Madison, WI). Subsequently, the wild type and the mutant the 3ʹ-UTR of ZEB1 mRNA were inserted into the pmirGlo dual luciferase reporter vectors, which were designated as WT or MUT. The SKOV3 cells were co-transfected with the miR-1271 mimic and the WT or MUT plasmid using Lipofectamine 3000 Reagent (Invitrogen, Carlsbad, CA, USA). The luciferase activity was then measured using a dual luciferase reporter assay system (Promega, Madison, WI, USA).

Statistical analysis {#S0002-S2009}
--------------------

The statistical analysis was performed using SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). The independent *t*-test was used for analyzing the measurement data. Differences between the two groups were analyzed by using the Student's *t*-test. Comparisons between multiple groups were performed using a one-way ANOVA test followed by a post hoc test (least significant difference). Kaplan--Meier curve and log-rank test were utilized to assess the association between the expression of miR-1271 or ZEB1 and the overall survival for OC patients. *P*\<0.05 was considered to be statistically significant.

Results {#S0003}
=======

Downregulation of miR-1271 predicted poor prognosis of OC {#S0003-S2001}
---------------------------------------------------------

RT-qPCR was applied to evaluate the mRNA levels of miR-1271 in 48 pairs of OC and matched nontumor tissues. miR-1271 was expressed less in OC tissues versus corresponding nontumor tissues (*P*\<0.05) ([Figure 1A](#F0001){ref-type="fig"}). Kaplan--Meier method indicated that the expression of miR-223 was associated with a worse outcome of OC patients (*P*\<0.05) ([Figure 1B](#F0001){ref-type="fig"}).Figure 1Downregulation of miR-1271 predicted poor prognosis of ovarian cancer. (**A**) miR-1271 was low expressed in ovarian cancer tissues. (**B**) Kaplan--Meier method indicated the expression of miR-223 was associated with worse outcome of ovarian cancer patients. \**P*\<0.05.

miR-1271 suppressed cell viability and invasion in SKOV3 cells {#S0003-S2002}
--------------------------------------------------------------

The expression of miR-1271 was calculated in two OC cell lines (SKOV3 and CAOV3) and normal ovarian cell line IOSE80. The expression of miR-1271 was lower in SKOV3 (*P*\<0.01) and CAOV3 (*P*\<0.05) cells than that in HET-1A cells ([Figure 2A](#F0002){ref-type="fig"}). To explore the roles of miR-1271, SKOV3 cells were transfected with the miR-1271 mimic or the miR-1271 inhibitor to upregulate (*P*\<0.05) or downregulate (*P*\<0.05) miR-1271, and the transfection efficiency was measured by RT-qPCR ([Figure 2B](#F0002){ref-type="fig"}).Figure 2miR-1271 suppressed cell viability and invasion in SKOV3 cells. (**A**) The expression of miR-1271 was lower in SKOV3 and CAOV3 cells than that in HET-1A cells. (**B**) The transfection efficiency of transfecting the miR-1271 mimic or the miR-1271 inhibitor was measured by RT-qPCR. (**C**) CCK-8 assay revealed miR-1271 inhibited the ability of viability in SKOV3 cells. (**D**) Transwell assay validated miR-1271 inhibited the invasive ability. \**P*\<0.05, \*\**P*\<0.01.

CCK-8 assay revealed that the ability of viability was inhibited by the miR-1271 mimic, whereas it was enhanced by miR-1271 inhibitor in SKOV3 cells ([Figure 2C](#F0002){ref-type="fig"}). Transwell assay validated that the invasive ability was suppressed by miR-1271 mimic (*P*\<0.05) while it was improved by miR-1271 inhibitor (*P*\<0.05) ([Figure 2D](#F0002){ref-type="fig"}). All the findings indicated miR-1271 suppressed the abilities of viability and invasion in SKOV3 cells.

miR-1271 directly binding to the 3ʹ-UTR of ZEB1 mRNA and regulated the expression of ZEB1 {#S0003-S2003}
-----------------------------------------------------------------------------------------

ZEB1 was predicted to be a target gene of miR-1271 by TargetScan, and the binding site was located at 1801--1807 on the 3ʹ-UTR of ZEB1 mRNA. The binding sequences were mutated from GUGCCAA to CACGGUU and then evaluated the luciferase activity ([Figure 3A](#F0003){ref-type="fig"}). The luciferase reporter assay proved that miR-1271 mimic reduced the luciferase activity of SKOV3 cells that transfected wild-type ZEB1 3ʹ-UTR (*P*\<0.05); however, it makes no difference on the luciferase activity of cells transfected mutant ZEB1 3ʹ-UTR (*P*\<0.05) ([Figure 3B](#F0003){ref-type="fig"}). Moreover, the mRNA levels of ZEB1 were assessed after transfection with the miR-1271 mimic or the miR-1271 inhibitor in SKOV3 cells. Not unexpectedly, overexpression of miR-1271 inhibited the mRNA level of ZEB1 (*P*\<0.05), while knockdown of miR-1271 promoted the expression of ZEB1 in SKOV3 cells (*P*\<0.05) ([Figure 3C](#F0003){ref-type="fig"}). All the results indicated that miR-1271 regulated the expression of ZEB1 in OC cells SKOV3.Figure 3miR-1271 directly binded to the 3ʹ-UTR of ZEB1 mRNA and regulated the expression of ZEB1. (**A**) TargetScan predicted ZEB1 was a target of miR-1271. (**B**) The luciferase activity revealed miR-1271 targeted the 3ʹ-UTR of ZEB1 mRNA. (**C**) miR-1271 regulated the expression of ZEB1 in OC cells SKOV3. \**P*\<0.05, ^\#^*P*\>0.05.

The expression of ZEB1 in OC {#S0003-S2004}
----------------------------

The expression of ZEB1 in tissues and cell lines was calculated by RT-qPCR. As expected, the expression of ZEB1 in OC was higher than that in corresponding nontumor tissues (*P*\<0.05) ([Figure 4A](#F0004){ref-type="fig"}). The correlation analysis validated that it had an inversed correlation between miR-1271 expression and ZEB1 in OC tissues (*P*\<0.05) ([Figure 4B](#F0004){ref-type="fig"}). Similarly, the expression of ZEB1 was lower in OC cell lines SKOV3 (*P*\<0.01) and CAOV3 (*P*\<0.05) than normal ovarian cell IOSE80 cells ([Figure 4C](#F0004){ref-type="fig"}).Figure 4The expression of ZEB1 in ovarian cancer. (**A**) The expression of ZEB1 in ovarian cancer was lower than that in nontumor tissues. (**B**) It had inversed correlation between the expression of miR-1271 and ZEB1 in ovarian cancer tissues. (**C**) The expression of ZEB1 was lower in ovarian cancer cells SKOV3 and CAOV3 than normal ovarian cell IOSE80 cells. \**P*\<0.05, \*\**P*\<0.01.

ZEB1 reversed partial function of miR-1271 {#S0003-S2005}
------------------------------------------

To explore the function of ZEB1 of miR-1271, the expression of ZEB1 was restored in miR-1271-transfected SKOV3 cells, and the transfection efficiency was assessed by RT-qPCR (*P*\<0.05) ([Figure 5A](#F0005){ref-type="fig"}). CCK-8 assay indicated that ZEB1 re-expression enhanced the viability of miR-1271-transfected SKOV3 cells (*P*\<0.05) ([Figure 5B](#F0005){ref-type="fig"}). Transwell assay validated that ZEB1 re-transfection increased the invasive ability in miR-1271 mimic-transfected SKOV3 cells (*P*\<0.05) ([Figure 5C](#F0005){ref-type="fig"}), which suggests that ZEB1 reversed partial function of miR-1271. All the results demonstrate that miR-1271 inhibited the viability and invasion through directly binding to ZEB1. The expression of EMT associated proteins was calculated by Western blot in SKOV3 cells. miR-1271 mimic suppressed the expression of ZEB1 and E-cadherin, while improved the expression of N-cadherin in SKOV3 cells ([Figure 5D](#F0005){ref-type="fig"}), which suggested that miR-1271 inhibited the EMT ability through ZEB1.Figure 5ZEB1 reversed partial function of miR-1271. (**A**) The expression of ZEB1 was restored in miR-1271-transfected SKOV3 cells. (**B**) CCK-8 assay indicated that re-expression of ZEB1 enhanced the viability of miR-1271-transfected SKOV3 cells. (**C**) Transwell assay validated that ZEB1 reversed partial function of miR-1271 on invasion. (**D**) ZEB1 reversed partial function of miR-1271 on the EMT. \**P*\<0.05.

Discussion {#S0004}
==========

OC is the most lethal malignant gynecological cancer with high morbidity and mortality rates.[@CIT0020],[@CIT0021] Therefore, it is urgent to explore the novel biomarkers for the early diagnosis and treatment of OC.

miRNAs play great roles on viability and invasion of tumors and are connected to the development and progression of tumor.[@CIT0022] miR-1271 has been reported to act as a tumor suppressor in breast cancer by suppressing cell proliferation via targeting SPIN1.[@CIT0023] miR-1271 was expressed less in hepatocellular carcinoma and it could be associated with oncogenic effects.[@CIT0024] Our findings were consistent with the entire findings, and we discovered that miR-1271 was downregulated in OC tissues and cell lines versus the normal tissues and cell lines. Downregulation of miR-1271 was associated with a worse outcome of OC patients. miR-1271 inhibited cell proliferation and invasion through Wnt signaling of osteosarcoma.[@CIT0025] miR-1271 functioned as a transition inhibitor that inhibited HCC cell metastasis and EMT.[@CIT0026] Previous research has been reported that miR-1271 inhibited cell growth via targeting CCNG1.[@CIT0027] We discovered that miR-1271 impaired the viability, invasion and EMT in OC cells, which were consistent with all the findings mentioned above.

ZEB1 acted as an oncogene and promoted tumorigenesis in several tumors including oral squamous cell carcinoma, glioma and pancreatic cancer.[@CIT0028]--[@CIT0030] In hepatocarcinoma cells, ZEB1 regulated the resistance of Dox and mediated the mesenchymal characteristics.[@CIT0031] In glioma, ZEB1 acted as a transcription factor of Prognosis and Predict.[@CIT0032] Consistent with all the findings, ZEB1 was overexpressed in OC tissues and cell lines, and upregulation of ZEB1 predicted poor prognosis. ZEB1 played promoting functions in tumorigenic progression and epigenetic modifications.[@CIT0033] In addition, ZEB1 acted as a potential diagnostic marker in prostate cancer.[@CIT0034] ZEB1 was a target gene of miscellaneous miRNAs including miR-708, miR-205, miR-641 and miR-873.[@CIT0035]--[@CIT0038] Consistent with the findings in pancreatic cancer,[@CIT0039] we revealed that miR-1271 mediated viability, invasion and EMT through directly targeting to the 3ʹ-UTR of ZEB1 mRNA in SKOV3 cells. In addition, ZEB1 reversed partial function of miR-1271 on viability, invasion and EMT in OC cells.

Conclusion {#S0005}
==========

miR-1271 was downregulated and ZEB1 was upregulated in OC tissues and cell lines, and downregulation of miR-1271 or upregulation of ZEB1 predicted poor prognosis. miR-1271 targeted ZEB1 and mediated its expression in OC. miR-1271 suppressed cell viability, invasion and EMT in SKOV3 cells by directly binding to the 3ʹ-UTR of ZEB1 mRNA. ZEB1 reversed partial function of miR-1271 in OC cells.
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